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@ This invention relates to a falling film evaporator which is 
arranged to cause a liquid film to flow downward to thereby 
effect heat exchange using evaporation. In a space of an 
evaporating compartment (31). a gas-liquid separator (22) is 
disposed to communicate with a compressor (11) which 
constitutes a part of a refrigeration cycle. 
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© This invention relates to a falling film evaporator 
which is arranged to cause a liquid film to flow 
downward to thereby effect heat exchange using 
M evaporation. In a space of an evaporating compart- 
^ment (31), a gas-liquid separator (22) is disposed to 
communicate with a compressor (11) which con- 
r^stitutes a part of a refrigeration cycle. 
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FALLING FILM EVAPORATOR 



BACKGROUND OF THE INVENTION 



FIELD OF THE INVENTION 



The present invention relates to a falling film 
evaporator which is arranged to effect heat ex- 
change by utilizing the evaporation of a liquid film 
during downward flow thereof and, more particu- 
larly, to a falling film evaporator of the type suitable 
for use in various kinds of system for effecting 
cooling of equipment, an apparatus for supplying 
cooling water for air-conditioning and an electric 
power plant using ocean thermal energy. 



DESCRIPTION OF THE RELATED ART 

A conventional type of falling film evaporator is 
described in. for example, Japanese Patent Unex- 
amined Publication No. 59-212601 and United 
States Patent No. 4,520,866. This kind of evapora- 
tor has the following structure. Liquid refrigerant 
flows into an evaporator shell through a liquid re- 
frigerant inlet formed in an upper portion of the 
evaporator shell, and flows down in the form of a 
thin film over the outer surfaces of a multiplicity of 
heat exchanger tubes provided within the evapora- 
tor shell. The liquid refrigerant evaporates by ab- 
sorbing the heat of the cooling water flowing in the 
heat exchanger tubes, and thus cools the cooling 
water. The resultant gasified refrigerant flows out 
through a refrigerant gas outlet. The cooling water 
thus cooled flows out of the evaporator through a 
cooling water outlet, then enters the line of an 
object to be cooled, and is subsequently returned 
to the cooling water inlet of the evaporator by the 
circulating motion of a circulating pump. 

In a refrigeration cycle which incorporates the 
above-described conventional falling film evapora- 
tor, the refrigerant which has been nearly gasified 
by the evaporator is supplied to a compressor, but 
if an excessive amount of liquid refrigerant is sup- 
plied to the compressor, it may be damaged. For 
this reason, a gas-liquid separator is provided be- 
tween the evaporator and the compressor in oraer 
to reserve the extra portion of the liquid refrigerant 
which has been left in a liquid state because of its 
imperfect evaporation in the evaporator which often 
takes place during system start-up or due to a 
decrease ,n the temperature of a heat load. In 
addition, the gas-iiqu,d separator is adapted to re- 
cover a cortion of the com D ressor-lubricating oil 
««*ec <n a concm portion of the evaporator 



through a pipeline which is disposed separately 
from a refrigerant gas outlet pipeline. However, the 
gas-liquid separator which is disposed between the 
evaporator and the compressor in the above-de- 
s scribed manner has the problems of increasing the 
overall size of the apparatus and of producing 
pressure loss and heat loss to deteriorate the effi- 
ciency of the refrigeration cycle. 
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SUMMARY OF THE INVENTION 



It is, therefore, an object of the present inven- 
tion to provide a falling film evaporate: which is 
is simple in structure and yet which is cacable of 
enhancing the efficiency of a refrigeration cycle. 

It is another object of the present invention to 
decrease the area required to install equipment by 
incorporating a gas-liquid separator into an evaD- 

20 orator, which has otherwise been arranged in the 
exterior of the evaporator. 

To achieve the above and other objects, in 
accordance with a first feature of the present inven- 
tion, there is provided an improvement in a falling 

25 film evaporator in which a plurality of heat ex- 
changer tubes are provided in a shell to form a 
evaporating compartment utilizing a falling film, the 
liquid-film flow of a liquid refrigerant being formed 
over the outside surfaces of the heat exchanger 

30 tubes to effect heat exchange between the liquid 
refrigerant and the fluid flowing in the heat ex- 
changer tubes. The improvement is characterized 
by gas-liquid separating means which is arranged 
in the space of the evaporating compartment so as 

35 to communicate with a compressor which con- 
stitutes a part of a refrigeration cycle. 

In accordance with a second feature of the 
present invention, there is provided an improve- 
ment in a falling film evaporator in which a plurality 

jo of heat exchanger tubes are provided in a shell to 
form an evaporating compartment utilizing a falling 
film, the liquid-film flow of a liquid refrigerant being 
formed over the outside surfaces of the heat ex- 
changer tubes to effect heat exchange between the 

J5 liquid refrigerant and the fluid flowing in the heat 
exchanger tubes. The improvement is character- 
ized by a pipeline, through which the refrigerant m 
the evaporating compartment is supplied to a com- 
pressor which constitutes a part of a refrigeration 

so cycle, being arranged in the evaporating compart- 
ment, the pipeline having a lubricating-oil suDpiymg 
portion through which the lubricating oil m the 
evaporating compartment is supplied to the pipe- 
line. 

In accordance with a third embodiment of the 
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present invention, there is provided an improve- 
ment in a falling film evaporator in which a plurality 
of heat excnanger tubes are provided in a shell to 
form an evaporating compartment utilizing a falling 
film, the liauid-film flow of a liquid refrigerant being 
formed over the outside surfaces of the heat ex- 
changer tubes to effect heat exchange between the 
liquid refrigerant and the fluid flowing in the heat 
exchanger tubes. The improvement is character- 
ized by a first pipeline which connects the liquid 
refrigerant inlet of the shell with the compressor 
side of a refrigeration cycle, a second pipeline 
which connects the refrigerant outlet of the 
evaporating compartment with the compressor 
which constitutes a part of the refrigeration cycle', 
and lubricating-oii supply means disposed in the 
pipeline through which the lubricating oil in the 
evaporating compartment is supplied to the second 
pipeline. 

In accordance with a fourth feature of the 
present invention, there is provided a falling film 
evaporator which includes an evaporator shell, an 
upper fluid compartment which is arranged at an 
upper portion of the evaporator shell, a lower fluid 
compartment which is arranged at a lower portion 
of the evaporator shell, a refrigerant distributing 
compartment which is arranged below the upper 
fluid compartment, an evaporating compartment ar- 
ranged between the refrigerant distributing com- 
partment and the lower fluid compartment, a mul- 
tiplicity of heat exchanger tubes, each of which 
extends through the refrigerant distributing com- 
partment and the evaporating compartment, each 
of the exchanger tubes having one end whose 
opening is located in the upper fluid compartment 
and the other end whose opening is located in the 
lower fluid compartment, means for supplying cool- 
ing water to the upper fluid compartment, means 
for discharging the cooling water from the lower 
fluid compartment, means for supplying a refriger- 
ant containing a lubricating oil to the refrigerant 
distributing compartment, means for causing the 
liquid refrigerant in the refrigerant distributing com- 
partment to flow downward over the outside sur- 
faces of the respective heat exchanger tubes, and 
refrigerant discharging means for discharging the 
gaseous refrigerant in the evaporating compartment 
to the exterior of the evaporating compartment. The 
refrigerant discharging means has a U-bent tubular 
portion which is located in the evaporating com- 
partment and a hole which is formed in the U-bent 
tubular portion so as to suck the lubricating oil 
stagnating in the evaporating compartment into the 
U-bent tubular portion. 

In accordance with a fifth feature of the present 
invention, there is provided a falling film evaporator 
which includes refrigerant discharging means for 
discharging the gaseous refrigerant in the evaporat- 



ing compartment to the exterior of the evaoorating 
compartment, and lubricating-oil supplying means 
arranged to suck the lubricating oil in the evaporat- 
ing compartment into the refrigerant discharging 

s means. 

In the above-described arrangement and con- 
struction, the gas-liquid separating means which is 
provided in the evaporating compartment of the 
falling film evaporator serves to introduce into the 

io compressor the refrigerant gas which is produced 
by evaporating the liquid refrigerant in the 
evaporating compartment and simultaneously to 
suck the lubricating oil stored in the bottom portion 
of the falling film evaporator so that the lubricating 

15 oil may be supplied to the compressor, together 
with the aforesaid refrigerant gas. In consequence, 
a sufficient amount of lubricating oil is consistently 
reserved in an oil reservoir within the compressor, 
so that sliding portions for compressing the refrig- 

20 erant can be satisfactorily lubricated and the re- 
liability of the compressor can be maintained at a 
high level. 

The above and other objects and features of 
the invention will become apparent from the follow- 
25 ing detailed description of embodiments thereof 
taken in connection with the accompanying draw- 
ings. 

30 BRIEF DESCRIPTION OF THE DRAWINGS: 

Fig. 1 is a diagrammatic perspective view 
showing in partial cross section an embodiment of 
the present invention; 
35 Fig. 2 is a diagrammatic perspective view 

showing in partial cross section an example in 
which the falling film evaporator, shown in Fig. 1 . of 
the present invention is applied to a refrigeration 
cycle; 

40 Fig. 3 is a view which serves to illustrate the 

principle of the operation of the present invention; 

Figs. 4 to 6 are partially cross-sectional 
views respectively showing partially modified forms 
of the falling film evaporation of the present inven- 
ts tion shown in Fig. 1; 

Figs. 7, 8 and 10 are diagrammatic views 
respectively showing the refrigeration cycles of 
partially modified forms of the falling film evapora- 
tor shown in Fig. 1 : 
so Fig. 9 is a vertical sectional view showing a 

partially modified form of the falling film evaporator 
shown in Fig. 1 ; 

Fig. 1 1 is a system chart showing the refrig- 
eration .cycle to which the present invention is 
55 applied; 

Fig. 12 is a chart showing the refrigeration 
cycle according to the present invention. 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

A preferred embodiment of trie present inven- 
tion will be described below with reference to the 
accompanying drawings. 

Fig. i shows one embodiment of a falling film 
evaporator according to the present invention. As 
illustrated, liquid refrigerant flows into a refrigerant 
inlet 2 provided in a shell 1, passes through a 
refrigerant distributing compartment 30. and flows 
down over the outside surfaces of heat exchanger 
tubes 4. On the other hand, cooling water flows 
through a cooling water inlet 6 into a fluid compart- 
ment 14 provided in an upper portion of the shell 1. 
The cooling water which has flowed into the cool- 
ing water compartment 14 enters the interior of the 
heat exchanger tubes 4. Heat exchange is effected 
between the liquid refrigerant and the cooling wa- 
ter, and thus the cooling water is deprived of heat 
and is cooled. The cooling water which has been 
deprived of heat passes through a fiuid compart- 
ment 14 provided in a lower portion of the shell 1. 
The upper fluid compartment 14 and a refrigerant- 
liquid distributing board 15 are partitioned from 
each other by a fluid-compartment partitioning 
board 21. A slight gap is formed between the 
refrigerant-liquid distributing board 15 and the outer 
peripheries of the respective heat exchanger tubes 
4, and the liquid refrigerant flows down through the 
gaps. Gaseous refrigerant whose weight flow is 
less than that of the liquid refrigerant flows through 
the refrigerant inlet 2 into the refrigerant distributing 
compartment 30. and then enters an evaporating 
compartment 31 through a vapor vent tube 32 
which places the refrigerant distributing compart- 
ment 30 in communication with the evaporating 
compartment 31 in which heat exchange is effec- 
ted. The illustrated falling film evaporator which is 
constructed in the above-described manner em- 
ploys, as its heat exchange medium, a refrigerant 
such as fleon or ammonia which starts evaporating 
at a boiling point temperature lower than the tem- 
perature of the cooling water. 

The refrigerant vapor which is generated by the 
evaporation of the liquid refrigerant and the vapor 
present within the refrigerant distributing compart- 
ment 30 pass through the vapor vent tube 32 and 
are mixed in the evaporating compartment 31. The 
resultant mixture, as shown in Fig. 2. enters a U- 
bent tube 22 through an inlet opening 24 and then 
flows toward a compressor 1 1 . A hole 23 is formed 
in a lower portion of the U-bent tube 22. A portion 
of a lubricating oil which is used to lubricate sliding 
surfaces such as those of a piston for compressing 
the refrigerant within the compressor 1 1 is cir- 
culated together with the refrigerant in the refrigera- 
tion cycle without stagnating m the compressor 11. 



In the evaporating compartment 31. the lubricatir 
oil flows down to the bottom of the evapcratir 
compartment 31 without evaporating on the outer 
surfaces of the heat exchanger tubes 4. and is 
5 mixed with unevaporated liquid refrigerant at the 
bottom. The resultant mixture enters the interior cf 
the U-bent tube 22 through the hole 23. passes 
through a refrigerant discharge tube 8 together with 
the gaseous refrigerant as a two-phase flow con- 

10 sisting of gas and liquid phases, and flows into the 
compressor 1 1 . 

The pressure in the portion of the hole 23 is 
negative with respect to the pressure in the 
evaporating compartment 31 by the amount of 

is pressure loss which is produced when the refriger- 
ant gas flows in the U-bent tube 22 from the inlet 
opening 24 to the hole 23. 

If the aforesaid vapor vent tube 32 which 
places the refrigerant distributing compartment 30 

20 in communication with the evaporating compart- 
ment 31 is provided in the refrigerant distributing 
board 15 above the U-bent tube 22. it is possible to 
effectively utilize the spaces above and below the 
refrigerant distributing board 15 which is located 

25 above the U-bent tube 22. 

If the U-bent tube 22 is provided in the portion 
of the evaporator shell 1 which is shifted from the 
refrigerant inlet 2 by an angle of 180 degrees about 
the axis of the evaporator shell 1, the neat e.- 

30 changer tubes 4 can be distributed uniformly wu. 
respect to the refrigerant inlet 2 without being ob- 
structed by the U-bent tube 22. Accordingly, the 
liquid refrigerant can be made to uniformly flow 
down over the outer surfaces of the respective neat 

35 exchanger tubes 4. 

There exists an optimum diameter of the hoie 
23 in the U-bent tube 22. The liquid refrigerant 
stagnates in the evaporating compartment 31 dur- 
ing system start-up or when the rate of circulation 

40 of the refrigerant within the compressor 1 1 is low. If 
the diameter of the hole 23 is excessively large, a 
large amount of liquid refrigerant flows through the 
hole 23 into the compressor 11, together with a 
lubricating oil to deteriorate the reliability of the 

45 compressor 11. More specifically, if the refrigerant 
returns to the compressor 11 in a liquid state, the 
compressing section in the compressor 11 which is 
designed to compress a gas must compress a 
liquid whose density is difficult to change. As a 

so result, the compressor 11 is overloaded, and may 
be damaged. Since an excessive amount of refrig- 
erant is present in a liquid state, particularly at the 
time of system start-up. when a compressor of a 
variable capacity type is operated m a low-capacity 

55 condition, or in a low-heat-load operation in wnicn 
the rotational speed of a compressor is constant 
but in which the amount of heat generated by e 
obiect to be cooled is small, the above-descnbeu 
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problem tencs to occur. 

On the other hand, if the diameter of the hole 
23 is excessively small, the following problem may 
te encountered. If the amount of liquid refrigerant 
becomes excessive during system start-up or in a 5 
low-heat-load concition, the liquid level of the re- 
frigerant in the evaporating compartment 31 be- 
comes too high and the liquid refrigerant may 
return to the compressor 1 1 from the inlet 24 of the 
upper portion of the U-bent tube 22. On the other w 
hand, even in a normal operation in which the 
amount of liquid refrigerant does not become ex- 
cessive, when the oil level of the lubricating oil in 
the evaporating compartment 31 becomes < high 
(that is. when the amount of lubricating oil stagnat- is 
ing in the compressor 1 1 becomes excessive), the 
amount of lubricating oil stagnating in the compres- 
sor 1 1 becomes small since the total amount of 
lubricating oil to be charged into the refrigeration 
cycle is constant. Furthermore, in this case, since 20 
the heat exchange surfaces of the heat exchanger 
tubes 4 which are brought into contact with the 
lubricating oil stagnating in the evaporating com- 
partment 31 do not function as evaporating sur- 
faces, the efficiency of the refrigeration cycle dete- 25 
riorates. As described above, since the present 
invention adopts the structure in which the liquid 
refrigerant is stagnated in the evaporator, it is im- 
portant to appropriately select the diameter of the 
hole 23. The hole 23 may be formed at any suit- 30 
able position in the U-bent tube 22. The number of 
holes 23 is not limited to one and, for example, a 
plurality of holes 23 may be formed in the U-bent 
tube 23. The plurality of holes 23 may have diam- 
eters which differ from one another. The following is 
description refers to a method of selecting an opti- 
mum diameter of the hole 23 when the hole 23 is 
located at a lower portion of the U-bent tube 22 
and the number of holes 23 is one. 

When the diameter of the hole 23 is appro- 40 
priately selected, the height, denoted by 25, of the 
liquid level of the liquid refrigerant {which height 
includes the oil level of the lubricating oil contained 
in the liquid refrigerant) can be adjusted by utilizing 
the balance of pressure loss in each portion of the 45 
U-bent tube 22 according to the present invention, 
as shown in Rg. 3. Typically, the liquid refrigerant 
stagnates in the evaporating compartment 31 in a 
case where the compressor 1 1 is started as de- 
scribed above; where a low-capacity operation is so 
performed in which the frequency of an inverter of 
the variable capacity type is low; and where a 
compressor of the fixed capacity type operates 
when its thermal load is low. In a normal operation, 
the oil level of the iubricating oil which lubricates 55 
the compressor 1 1 exists in the evaporating com- 
partment 31. In Fig. 3, AP gi is the inlet pressure 
loss when a refrigerant gas enters the U-bent tube 



22. AP ga is the pressure loss in the oortion of the 
U-bent tube 22 from the inlet opening 24 to the 
hole 23, APti is the inlet pressure loss when the 
liquid refrigerant having the liquid level 25 enters 
the U-bent tube 22 through the hole 23, and APm 
is the head of the liquid level of liquid refrigerant 
having a liquid-level height h( between the liquid 
level 25 and the position of the hole 23. APth is 
proportional to the height h[ of the liquid level of 
the liquid refrigerant, and APij is inversely propor- 
tional to the diameter of the hole 23. These pres- 
sure losses and the head are balanced as repre- 
sented by the following equation 

APth + APfj = AP gi + AP gd (1) 

As described above, when the diameter of the 
hole 23 is changed, APii is changed and thus the 
height h( of the liquid level of the liquid refrigerant 
changes. Thus, it is possible to adjust the amount 
of lubricating oil stagnating in the evaporator 31. 
The height ho of an oil level from the hole 23 is 
determined by the following equation 

APc + AP oi + AP gj + AP 8d (2) 

where AP 0 „ is the head of the oil level whose 
height is h 0 , and AP ol is the inlet pressure loss 
when the oil is passing through the hole 23. Fur- 
ther, since the head of the aforesaid refrigerant 
liquid is APth = ptght and the head of the oil 
level of the lubricating oil is AP oh = p 0 gh 0 , the 
height h„ of the oil level of the lubricating oil is 
determined. In this case, pt is the density of the 
liquid refrigerant and p 0 is the density of the 
lubricating oil. In the case of a refrigerant such as 
fleon which is used in a normal refrigeration cycle. 
p 0 > pt is obtained and h 0 < h 1 is obtained even 
when AP 0 , > APtj. Therefore, the oil level of the 
lubricating oil is lower than the liquid level of the 
liquid refrigerant. In a certain kind of system, there 
is another case where the oil level of the lubricating 
oil becomes h 0 - 0. Here. Fig. 3 shows a state of 
pressure balance, in which only the refrigerant liq- 
uid is existent above the hole 23, that is, the 
lubricating oil level h 0 is zero and the refrigerant 
liquid level is h[. With the above-described meth- 
od, it is possible to select the diameter of the hole 
23 which can prevent an excessive amount of 
liquid refrigerant from stagnating in the evaporating 
compartment 31, which can prevent the oil level of 
the lubricating oil from becoming too high, and 
which enables an extra portion of the liquid refriger- 
ant to be reserved. 

Fig. 4 is a partially modified form of the em- 
bodiment of the present invention. In this modified 
form, the position of the hole 23 formed in the U- 
bent tube 22 is selected to be sufficiently higher 
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than the bottom of the evaporating compartment 
31. In this case, the oil level of the lubricating oil 
becomes high, but since the heat exchange area 
required to implement evaporation of a thin film 
decreases, the liquid level of the portion of the 
liquid refrigerant which stagnates in the evaporating 
compartment 31 without evaporating in the thin-film 
evaporation process is increased. Accordingly, it is 
possible to effect transfer of heat from cooling 
water to liquid refrigerant in two forms of heat 
exchange: thin-film evaporation and boiling heat 
exchange employing fully charged liquid. 

Fig. 5 shows another partially modified form of 
the embodiment of the present invention. In this 
modified form, the inlet opening of the U-bent tube 
22 is formed into an opening 35 which is enlarged 
in a bellmouth-like configuration. In this configura- 
tion, since the aforesaid pressure loss AP 3i de- 
creases, it is necessary to reduce APii in order to 
balance the decrement of APii. Therefore, in order 
to keep the position of the liquid level equal to that 
of the liquid level which is realized when the open- 
ing 24 having no bellmouth-like configuration is 
employed, the diameter of the hole 23 needs to be 
enlarged. If the inlet opening of the U-bent tube 22 
is formed into the bellmouth opening 35, the diam- 
eter of the hole 23 can be increased. Accordingly, 
it is possible to provide the effect of making it less 
likely that the hole 23 is clogged with foreign 
matter. 

Fig. 6 shows another partially modified form of 
the embodiment of the present invention. In this 
modified form, two holes are formed in the U-bent 
tube 22. and the diameter of a hole 36 is selected 
to be greater than that of the hole 23. In this case, 
the amount of refrigerant gas which is sucked 
through the opening 24 is less than the amount of 
refrigerant gas sucked through the hole 36. and the 
pressure losses AP 9d and AP gi in the U-bent tube 
22 decrease in a case where the diameter of the 
hole 36 is equal to or greater than that of the 
opening 24. Accordingly, it is possible to enlarge 
the diameter of the hole 23 as compared with the 
case where the hole 36 is not formed. In con- 
sequence, it is possible to make it less likely that 
the hole 23 is clogged with foreign matter. 

Fig. 7 shows yet another modified form of the 
embodiment of the present invention. In this modi- 
fied form, a refrigerant gas is discharged through a 
refrigerant-gas discharge port 8a formed in an 
evaporator. Then the refrigerant gas intermingles 
with a highly densed lubricating oil which is mixed 
with liquid refrigerant and which is sucked through 
a lubrtcating-oil suction tube 38, and is introduced 
into the compressor 1 1 . The presence of the refrig- 
erant gas is reauced by the effect of a restriction 
37 which is provided in a flow passage of the 
piping of Fig. 7. Accordingly, the pressure of the 



refrigerant gas becomes negative compared wi*' 
the pressure in the evaporator in the interminglii 
section, and it is possible to suck the lubricating oil 
stagnating in the bottom of the evaporator through 

5 the lubricating-oil suction tube 38 through which is 
sucked the highly densed lubricating oil mixed with 
unevaporated liquid refrigerant. In this modified 
form, the evaporating section of a falling film evap- 
orator can be used as a gas-liquid separator by 

w introducing the highly densed lubricating oil. which 
is mixed with the liquid refrigerant stagnating in the 
bottom of the evaporator shell 1 . into the refrigerant 
gas discharge tube 8 through the lubricating oil 
suction tube 38 and intermingling the lubricating oil 

rs with the refrigerant gas flowing in the tube 8. In this 
case, the size of the overall piping can be op- 
timized according to the pressure loss due to the - 
restriction 37 in the flow passage of the piping and 
the pressure loss in the lubricating oil suction tube 

20 38. 

As shown in Fig. 8, if a helical groove 39 
whose helix angle is 5 to 30 degrees with respect 
to the tube axis is formed at a fine pitch over the 
inner surface of the lubricating oil suction tube 38. 

25 a capillary phenomenon occurs so that the lubricat- 
ing oil is easily sucked. Accordingly, it becomes 
possible to suck up the lubricating oil even if the 
pressure loss due to the restriction 37 in the flow 
passage is reduced. In consequence, it is possib' 

30 to decrease the pressure loss in the piping be 
tween the evaporator and the comoressor. 

Fig. 9 shows another modified form of the 
embodiment of the present invention. In this modi- 
fied form, the lubricating oil suction tube 38 is 

35 extended into the inlet portion of the refrigerant gas 
discharge tube 8 which extencs from the evaoora- 
tor shell 1 of the falling film evaporator. Since the 
flow of refrigerant gas is peelea off due to the 
effect of the edge of the refrigerant gas outlet 8a 

40 and thus the pressure in an opening 40 of the 
lubricating oil suction tube 38 becomes negative 
with respect to the pressure in the evaporator. It is 
therefore possible to infect, into the refrigerant gas. 
a highly densed lubricating oil which is mixea with 

45 the liquid refrigerant stagnating in the bottom of the 
evaporator shell 1 . 

Fig. 10 shows still another modified form of the 
embodiment of the present invention. In this modi- 
fied form, the refrigerant gas discharge tube 8 

so extends from the evaporator sheii 1 of the failing 
film evaporator and the lubricating oil discharge 
tube 8 extends from the evaoorator shell 1 seDa- 
rately from the refrigerant gas discharge tuoe 8 
and is connected with the tube 8 in the exterior of 

55 the evaporator. In this case, the restriction 37 is 
incorporated in the refrigerant gas discharge tube 3 
so that the pressure in the intermingling ooint ■ 
the refrigerant gas discharge tube 8 and tht 
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lubricating oil suction tube 38 may become nega- 
tive with respect to the pressure in the evaporator. 
Thus, the highly densed lubricating oil mixed with 
the liquid refrigerant in the bottom of the evapora- 
tor shell 1 is sucked through the lubricating oil 
suction tube 38 and circulated to the compressor 
11 . In this case as well, the evaporator shell 1 can 
be used as a gas-liquid separator which serves as 
a liquid refrigerant reservoir during a transient pro- 
cess of a refrigeration cycle. 

As described above, the refrigerant gas and 
the liquid refrigerant as well as the lubricating oil 
are respectively sucked into the compressor 11 
through the refrigerant gas discharge tube 8 and 
the lubricating oil suction tube 38 which are pro- 
vided in the interior or exterior of the evaporator. 
Accordingly, the following advantages can be ob- 
tained. 

Since the gas-liquid separator which has con- 
ventionally been provided outside the evaporator is 
incorporated in the evaporator itself, neither the 
space for the gas-liquid separator nor the space 
associated therewith is required. Accordingly, the 
space are required for installation of equipment can 
be reduced and the total space can be saved. This 
arrangement is particularly effective when it is used 
in a cooling-water supplying device of the indoor 
type which must be installed in a limited area. 

Another advantage is that since the evaporator 
functions as a gas-liquid separator, the pressure 
loss due to the flow of a refrigerant between the 
evaporator and the compressor is reduced, thus 
leading to an improvement in the efficiency of a 
refrigeration cycle. 

Fig. 11 is a system chart of the refrigeration 
cycle of the present invention. The refrigerant 
which is nearly gasified in a falling film evaporator 
10 flows into the compressor 11, in which it is 
compressed into a high-temperature gas. The high- 
temperature refrigerant gas dissipates its retained 
heat in a condenser 12, passes through an expan- 
sion valve 13 in which a substantial portion of the 
refrigerant gas is converted into a liquid refrigerant, 
and is again supplied to the falling film evaporator, 
in which the liquid refrigerant effects heat exchange 
with cooling water. Arrows in Fig. 11 indicate the 
direction in which the refrigerant flows. 

Fig. 12 is a so-called Mollier chart which shows 
a refrigeration cycle, in which enthalpy represent- 
ing the energy of a refrigerant is plotted along the 
horizontal axis, while pressure is plotted along the 
vertical axis. In Fig. 12, the line between 101 and 
102 represents the compression step of a com- 
pressor, the line between 1 02 and 1 03 represents 
the process between the compressor and a con- 
denser outlet, the line between 1 03 and 104 repre- 
sents the process between the condenser outlet 
and an expansion valve, and the line between 104 



and 101 represents the process between the ex- 
pansion valve and an evaporation outlet. 

If APs is the pressure loss of the gas-iiauid 
separator, the compression ratio of the compressor 
s is as follows when the pressure loss APs occurs: 

Pd/(Ps - APs) 

where Pd: discharge pressure of the compressor, 
to and 

Ps: suction pressure of the compressor 
(without the use of any external gas-liquid separa- 
tor) 

Therefore, in the present invention, the above corn- 
's pression ratio increases as compared with the 
compression ratio Pd/Ps. As the above compres- 
sion ratio increases, the efficiency of the compres- 
sor decreases and the load applied to the com- 
pressor increases, and therefore the power re- 
20 quired increases. Since the gas-liquid separator is 
of the type incorporated in the evaporator as de- 
scribed above, the pressure loss between the 
evaporator and the compressor decreases and thus 
the efficiency of the refrigeration cycle improves. 
25 In a conventional type of gas-liquid separator 

which is disposed in the exterior of an evaporator, 
a low-temperature liquid refrigerant stagnates in the 
interior of the gas-liquid separator. Accordingly,- 
heat is transferred from the outside surface of the 
30 gas-liquid separator to the liquid refrigerant, and 
thus the liquid refrigerant evaporates, due to the 
external heat, within the gas-liquid separator, thus 
leading to thermal loss. In contrast, if a gas-liquid 
separator is of the type incorporated in an evapora- 
35 tor, as in the present invention, the cooling water 
passing through the heat exchanger tubes serves 
as a heat source which causes evaporation of the 
liquid refrigerant stagnating in the evaporator, and 
thus heat is transferred to the refrigerant tube from 
40 the cooling water to be cooled originally. In this 
fashion, the pressure loss in the gas-liquid separa- 
tor is reduced to cool the cooling water even effec- 
tively, whereby the efficiency of the refrigeration 
cycle is improved. 
45 In a falling film evaporator having the structure 

in which a lubricating oil is supplied to the- refriger- 
ant gas discharge tube through a lubricating oil 
suction tube and intermingled with the refrigerant, 
gas in the refrigerant gas discharge tube, the sue- 
so tion force by which the lubricating oil stagnating in 
the bottom of the evaporator shell is sucked up into 
the refrigerant gas discharge tube is greatly influ- 
enced by the pressure loss which is determined by 
the length of the lubricating oil suction tube. Ac- 
55 cordingly, if the aforesaid lubricating oil suction 
tube is provided in the evaporator shell which is 
relatively large compared with a small gas-iiquid 
separator of the type which is externally installed, it 
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becomes possible to increase the upper limit of the 
length of the lubricating oil suction tube and hence 
to select the oil level of a lubricating-oil sucking 
force with further widened freedom. 

In accordance with the present invention, the 
falling film evaporator which is arranged to cause a 
refrigerant to flow down in a thin-film state to effect 
heat exchange at high heat conductivity is provided 
with the structure in which a U-bent tube or a 
lubricating oil suction tube is used to enable the 
evaporator to function as a refrigerant-liquid reser- 
voir and in which, in a normal operation, an opti- 
mum amount of lubricating oil can be circulated to 
the compressor. Accordingly, since no externally- 
installed type of gas-liquid separator is required, 
the corresponding space can be saved. In addition, 
it is possible to decrease the pressure loss which 
cannot be avoided in the externally installed gas- 
liquid separator, and hence the heat loss due to the 
heat dissipation of the externally installed gas-liquid 
separator, whereby the efficiency of the refrigera- 
tion cycle can be enhanced. 

Claims 

1. In a falling film evaporator in which a plural- 
ity of heat exchanger tubes (4) are provided in a 
shell (1) to form an evporating compartment (31) 
utilizing a falling film, the liquid-film flow of a liquid 
refrigerant being formed over the outside surfaces 
of said heat exchanger tubes (4) to effect heat 
exchange between said liquid refrigerant and the 
fluid flowing in said heat exchanger tubes (4), char- 
acterized by gas-liquid separating means (8. 22. 
38) which is arranged in the space of said 
evaporating compartment (31) so as to commu- 
nicate with a compressor (11) which constitutes a 
part of a refrigeration cycle. 

2. A falling film evaporator according to claim 
1 , wherein said gas-liquid separating means is con- 
stituted by a pipeline (8, 22. 38) in which the 
lubricating oil in said evaporating compartment (31) 
is intermingled with a refrigerant to be supplied 
from said evaporator to said compressor (11) and 
through which the thus-intermingled fluia is sup- 
plied to said compressor (11). 

3. A falling film evaporator according to claim 1 
or 2, wherein said pipeline (8. 22. 38) through 
which the refrigerant in said evaporator is supplied 
to said compressor (11) is disposed in the portion 
of said shell (1) opposite to a liquid refrigerant inlet 
portion (14) formed in said shell (1). 

4. A falling film evaporator according to anyone 
of claims 1 to 3. wherein a refrigerant distributing 
compartment (30) and said evaporating compart- 
ment (3D are arranged in said shell (1), a vapor 
vent (32) being arranged to place said refrigerant 



distributing compartment (30) in ccmmunicati 
with said evaporating compartment (31). and sa.^ 
pipeline (8. 22. 38) through which the refrigerant in 
said evaporating compartment (31) is supplied to 
5 said compressor (11) being arranged at the posi- 
tion in said evaporating compartment (31) which 
corresponds to said vapor vent tube (32). 

5. A falling film evaporator according to anyone 
of claims 1 to 4, wherein said pipeline through 

id which said refrigerant is supplied to said compres- 
sor (11) has its one end connected to the suction 
side of said compressor (11) and its other end (24. 
35) opened within said evaporating compartment 
(31), and a U-shaped tubular portion (22) which is 

75 located in said evaporating compartment (31). a 
hole (23, 36) through which the lubricating oil in 
said evaporating compartment (31) is supplied to 
said pipeline being formed in a portion of said U- 
shaped tubular portion (22). 

20 6. A falling film evaporator according to anyone 

of claims 1 to 4. wherein saia pipeline is con- 
stituted by a first pipe (8) having its one ena 
connected to the suction side of said compressor 
(11) and its other end (8a) opened within said 

25 evaporating compartment (31) and a second pipe 
(38) having its one end connected to said first pipe 
(8) in said evaporating compartment (31) and its 
other end portion introduced into the lubricating oil 
in said evaporating compartment (31). 

30 7. A falling film evaporator according to anyone 

of claims 1 to 4, wherein said pipeline is con- 
stituted by a first pipe (8) having its one end 
connected to the suction side of said compressor 
(11) and its other end (8a) opened in said evaporat- 
es ing compartment (31) and a second pipe (38) hav- 
ing its one end connected to said first pipe (8) 
outside said evaporating compartment (31) and its 
other end introduced into the lubricating oil in said 
evaporating compartment (31). 

jo 8. In a falling film evaporator in which a plural- 

ity of heat exchanger tubes (4) are provided in a 
shell (1) to form an evaporating compartment (31) 
utilizing a falling film, the liquid-film flow of a liquid 
refrigerant being formed over the outside surfaces 

•is of said heat exchanger tubes (4) to effect heat 
exchange between said liquid refrigerant and the 
fluid flowing in said heat exchanger tubes (4), char- 
acterized by a pipeline (8. 22), through which the 
refrigerant in said evaporating comoartment (31) is 

so supplied to a compressor (11) which constitutes a 
part of a refrigeration cycle, being arranged in said 
evaporating compartment (31). said pipeline (8. 22) 
having a lubricating-oil supplying portion (22) 
through which the lubricating oil in said evaooratmg 

55 compartment (31) is supplied to said pioeiine t8. 
22). 
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9. In a falling film evaporator in which a plural- 
ity of heat exchanger tubes (4) are provided in a 
shell (1) to form an evaporating compartment (31) 
utilizing a falling film, the liquid-film flow of a liquid 
refrigerant being formed over the outside surfaces 
of said heat exchanger tubes (4) to effect heat 
exchange between said liquid refrigerant and the 
fluid flowing in said heat exchanger tubes (4), char- 
acterized by a first pipeline (32) which connects the 
liquid refrigerant inlet (14) of said shell (1) with the 
compressor side of a refrigeration cycle, a second 
pipeline (8) which connects the refrigerant outlet of 
said evaporating compartment (31) with said com- 
pressor (11) which consti tutes a part of said refrig- 
eration cycle, and lubricating-oil supply means (22, 
38) disposed in said pipeline through which the 
lubricating oil in said evaporating compartment (31) 
is supplied to said second pipeline (8). 

10. A falling film evaporator comprising: 

- an evaporator shell (1), 

- an upper fluid compartment (14) which is ar- 
ranged at an upper portion of said evaporator shell 

(D. 

- a lower fluid compartment (14) which is arranged 
at a lower portion of said evaporator shell (1), 

- a refrigerant distributing compartment (30) which 
is arranged below said upper fluid compartment 
(14), 

- an evaporating compartment (31) arranged be- 
tween said refrigerant distributing compartment 
(30) and said lower fluid compartment (14), 

- a multiplicity of heat exchanger tubes (4). each of 
which extends through said refrigerant distributing 
compartment (30) and said evaporating compart- 
ment (31). each of said exchanger tubes (4) having 
its one end opened in said upper fluid compart- 
ment (14), and its other end opened in said lower 
fluid compartment (14), 

- means (6) for supplying cooling water to said 
upper fluid compartment (14), 

- means (7) for discharging said cooling water from 
said lower fluid compartment (14). 

- means (2) for supplying a refrigerant containing a 
lubricating oil to said refrigerant distributing com- 
partment (30), 

- means (15) for causing the liquid refrigerant in 
said refrigerant distributing compartment (30) to 
flow downward over the outside surfaces of said 
respective heat exchanger tubes (4), and 

- refrigerant discharging means (8. 22) for dis- 
charging the gaseous refrigerant in said evaporat- 
ing compartment (31) to the exterior of said 
evaporating compartment (31). 

said refrigerant discharging means (8. 22) having a 
U-bent tubular portion (22) which is located in said 
evaporating compartment (31) and a hole (23. 36) 
which is formed in said U-bent tubular portion (22) 
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so as to suck the lubricating oil stagnating in said 
evaporating compartment (31) into said U-bent tu- 
bular portion (22). 

11. A falling liquid evaporator comprising: 
s - an evaporator shell (1), 

- an upper fluid compartment (14) which is ar- 
ranged at an upper portion of said evaporator shell 

(I) . 

- a lower fluid compartment (14) which is arranged 
to at a lower portion of said evaporator shell (1) 

- a refrigerant distributing compartment (30) which 
is arranged below said upper fluid compartment 
(14). 

- an evaporating compartment (31) arranged be- 
is tween said refrigerant distributing compartment 

(30) and said lower fluid compartment (14), 

- a multiplicity of heat exchanger tubes (4), each of 
which extends through said refrigerant distributing 
compartment (30) and said evaporating compart- 

20 ment (31), each of said exchanger tubes (4) having 
its one end opened in said upper fluid compart- 
ment (14) and its other end opened in said lower 
fluid compartment (14), 

- means (6) for supplying cooling water to said 
25 upper fluid compartment (14), 

- means (7) for discharging said cooling water from 
said lower fluid compartment (14), 

- means (2) for supplying a refrigerant containing a 
lubricating oil to said refrigerant distributing com- 

30 partment (30), 

- means (15) for causing the liquid refrigerant in 
said refrigerant distributing compartment (30) to 
flow downward over the outside surfaces of said 
respective heat exchanger tubes (4), 

35 - refrigerant discharging means (8) for discharging 
the gaseous refrigerant in said evaporating com- 
partment (31) to the exterior of said evaporating 
compartment (31), and 

- lubricating-oil supplying means (38) arranged to 
40 suck the lubricating oil in said evaporating compart- 
ment (31) into said refrigerant discharging means 
(8). 

12. In a refrigerator in which a compressor 

(II) , a condenser (12), an expansion valve (13) and 
45 a falling film evaporator (10) are sequentially con- 
nected to constitute a refrigeration cycle, character- 
ized by gas-liquid separating means (8, 22, 38) 
which is arranged in an evaporating compartment 

(31) of said evaporator (10) so as to communicate 
so with said compressor (11). 

13. A refrigerator according to claim 12. 
wherein said gas-liquid separating means has a 
piping (8) through which a refrigerant is supplied 
from said evaporating compartment (31) to said 

55 compressor (11) and means (22. 23: 37. 38) for 
sucking the lubricating oil in said evaporating com- 
partment (31) and intermingling said lubricating oil 
with the refrigerant passing through said pipe (8). 
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14. A refrigerator according to claim 12 or 13, 
wherein a U-bent tubular portion (22) is formed in 
the portion, which is located in said evaporating 
compartment (31), of said piping through which 
said refrigerant is sup plied to said compressor s 
(11), said U-bent tubular portion (22) having a hole 
(23) through which the lubricating oil in said 
evaporating compartment (31) is sucked into said 
piping. 
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